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Abstract —In this letter we consider emulation of a Full Duplex 
(FD) cellular base station (BS) by using two spatially separated 
and coordinated half duplex (HD) BSs. The proposed system is 
termed CoMPflex (CoMP for In-Band Wireless Full Duplex) and 
at a given instant it serves two HD mobile stations (MSs), one 
in the uplink and one in the downlink, respectively. We evaluate 
the performance of our scheme by using a geometric extension of 
the one-dimensional Wyner model, which takes into account the 
distances between the devices. The results show that CoMPflex 
leads to gains in terms of sum-rate and energy efflciency with 
respect to the ordinary FD, as well as with respect to a baseline 
scheme based on unidirectional traffic. 


I. Introduction 


5G wireless systems are expected to have a large num¬ 
ber of Base Stations (BSs) per unit area ||T]. The inter-BS 
connections lay the ground to use cooperative techniques, 
commonly referred to as Coordinated Multi-Point (CoMP) Q. 
Another important wireless trend is the use of in-band full- 
duplex (FD) wireless transceivers Q, expected to lead to a 
two-fold spectral efficiency gain Q. The key challenge in 
FD is the high transceiver complexity, required to cope with 
the strong self-interference induced by the downlink (DL) 
transmission path into the uplink (UL) receiving path Q. The 
high transceiver complexity will likely make the FD feasible 
only for the BS, while a Mobile Station (MS) will remain 
half-duplex (HD), but the system can still harvest the FD gain 
by scheduling at least two different MSs, as shown in Fig. Ic 
Traditionally, UL and DL are treated in isolation, i.e. all 


MSs have only DL or only UL traffic, see Fig. la The advent 
of FD has shifted the focus towards two-way optimization 
of wireless networks 0. This leads to two new transmission 
modes, as the one depicted on Fig. lb while in the second 


mode the roles are reversed (MSI transmits and MS2 receives). 


In Fig. lb HD-BSl sends the signal xdi in the DL to MSI, 


while HD-BS2 receives xu 2 in the UL from MS2. HD- 
BS2 receives interference from HD-BSl, while MSI receives 
interference from MS2. However, HD-BSl can use the high- 
bandwidth wired connection to HD-BS2 to send the data of 
Xdi to HD-BS2, such that HD-BS2 can recreate xdi and 
perfectly cancel the interference from HD-BS1. Note that xu 2 
remains as interference to MSI, but it could be mitigated via 


e.g. scheduling. The setting on Fig. lb operates equivalently 


as a single FD-BS, see Fig. Ic With Time Division Duplexing 
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(a) (b) (c) 

Figure 1: (a) Baseline scheme for UL; (b) The proposed 
CoMPflex scheme; (c) FD transmission. Solid arrows denote 
signals, dashed arrows denote interference, the double line is 
a wired connection. 


(TDD), the roles of MSI and MS2 are reversed in the next 
transmission slot, thus serving both MSs two-way. 

The previous example constitutes the main proposal of this 
letter; use the CoMP infrastructure, with interconnected HD- 
BSs, in order to obtain a distributed FD implementation, 
termed CoMPflex (CoMP for in-band full duplex). In tra¬ 
ditional CoMP, the BSs cooperate to serve the MSs either 
in DL or in UL, but not both simultaneously. The price of 
the performance gains of traditional CoMP over the non- 
cooperative schemes is the complex processing of interference 
using, e.g. dirty paper coding. Different from that, CoMPflex is 
a way to get performance gains over non-cooperative schemes, 
without complicated processing at the BSs. Note that the 
channel between two different BS is static, such that it can 
be easily estimated. Assuming a sufficient wired bandwidth 
between the HD-BSs, CoMPflex serves simultaneously two 
terminals that have opposite (UL/DL) connections. The ordi¬ 
nary FD is a special case of CoMPflex where the HD-BSs 
are at a distance zero. CoMPflex brings four advantages: (i) 
the coupling losses between the antennas associated with each 
path are mitigated; (ii) the self-interference coming from the 
DL transmission is now within the same order of magnitude 
as the UL signal, reducing the need for a high dynamic range 
receiver; and (iii) the reduction of the distance between the 
cellular devices and HD-BS, which leads to potential energy 
savings Q both at the device and network side, and (iv) 
the separated transmitter and receiver of the HD-BSs can 
bring the infrastructure closer to the MSs, resulting in rate 
gains and decrease in interference. We will show that such 
a separation is also beneficial for a traditional setting with 
unidirectional traffic. In this way, CoMPflex brings a two- 
part gain over traditional non-cooperative schemes: (1) by 
an optimal spatial separation between the HD-BSs; and (2) 
serving the MSs with bidirectional traffic jointly instead of 
unidirectional traffic. Our analysis is based on the classical 
Wyner model Q, enriched to capture the geometric setting 
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Center cell 


Figure 2; System model for CoMPflex, (a): The center cell and two adjacent cells, one to the left (L) and one to the right (R), 
with X G {L, i?}; (b); The worst case situation of transmitting BSs and MSs from neighboring cells. 


of CoMPflex and allow for studying the effect of varying the 
distance between the connected BSs. 


II. System Model 


Our system model is perhaps the simplest one where the 
gain of CoMPflex can be demonstrated. It is based on an one¬ 
dimensional Wyner model, as shown in Fig. [^, where the 
cells have radius rB The figure shows a 1-tier interference 
model, but it can be extended to several interfering tiers. In 
the center cell, there is either one FD-BS placed at the cell 
center (corresponding to p = 0), or two HD-BSs, one for DL 
placed in the left half of the cell, and one UL placed in the right 
half (corresponding to p > 0). Both HD-BSs have the same 
distance p to the cell center. We assume a sufficient number 
of active users in the cell, so that one DL-MS in the left half 
and one UL-MS in the right half can always be scheduled. 
The DL-MS is placed uniformly at random at position v in 
the left half of the cell, and the UL-MS is placed uniformly 
at random at position u in the right half of the cell. 

In the baseline scheme, the BSs and MSs are deployed as in 
CoMPflex, except that the traffic is bidirectional in CoMPflex 
and unidirectional in the baseline. In the baseline scheme the 
BSs are not cooperating, which is sufficient to show the effect 
of using bidirectional versus unidirectional traffic. In both 
schemes, the positions of the nodes in the interfering cells 


depend on the interference model, see Sec. II-B 


2 would allow the MS to be closer to an interfering BS. In 
the UL, the signal received at the BS, ys, is 

Vb = hMsiip — u)^xm + Ib + Zb 


where xm is the symbol sent from MS and zb is the AWGN 
at the BS. The term Hmb denotes the channel from the MS to 
the BS. Ib = Ibb + Imb is the interference from BSs (Ibb) 
and MSs {Imb) in the neighboring cells (see Appendix). Then 


lu{p,u) 


Pm{p)9mb(-{p- u) 
0-2 +1b 


( 1 ) 


is the UL SINR, where Pm = \xm\^, Pmb = and 

Ib = is the received interference power at the BS. 

The DL-MS receives the signal yM, 


Vm = hBM^ip -v)^Xb + HmmKu + v)^Xm + Im + Zm 


where xb is the signal sent from BS, Hbm and Hmm denote 
respectively the channels between BS and MS, and the intra¬ 
cell channel between the MSs. Im = Ibm + Imm is the 
interference from the BSs {Ibm) and the users {Imm) in 
neighboring cells given in the Appendix, and zm is the AWGN 
at the MS. The DL SINR is 


1d{p,u,v) = 


PB{p)gBMl{p — v) 
PM{p)gMMl{u + v)+1m+<7'^ 


( 2 ) 


where Pb = \xb\'^, Pbm = 9mm = I^mmP and 

Im = is the received interference power at the MS. 


A. Signal Model 

We explain the signal model for CoMPflex only; the one 
for the baseline scheme can be derived from it. In Fig. St, 
wireless channels are indicated as arrows showing the trans¬ 
mission direction: a solid line for signal and a dashed line for 
interference. For clarity, only the links relevant to the center 
cell are shown. All channels are Rayleigh faded with unit mean 
power. The pathlos^is modeled as I{d) = (1 + |d|)““, where 
d is the distance from the transmitter to the receiver and a is 
the path loss exponent. The system bandwidth is normalized to 
1 Hz. All nodes use the same frequency. We assume Additive 
White Gaussian Noise (AWGN), with power cr^. Finally, we 
assume full channel state information at all nodes. 

The distance between BS and UL-MS is \u—p\, and between 
DL-MS and BS, It)—p|. We restrict p to [0, R/2], since p > R/ 

'Here we treat the 1-D scenario. Obviously, the analysis can be extended to 
2-D and 3-D models, but this is out of the scope for this introductory aificle. 

^An offset equal to 1 is added to avoid a singularity when d = 0. 


B. Power Adjustment and Inter-Cell Interference Models 

The core of CoMPflex is in bringing the MSs and BSs closer 
to each other, therefore it is natural to allow them to adjust 
their transmission power accordingly. This transmission power 
is computed based on the required power received at either the 
BS, and the MS, when the MS is placed at the cell 
edge. The required powers are defined in Sec. We denote 
the adjusted power as Pb{p) and Pm{p), for the BS and MS 
respectively, which is computed as: 

< p.{p)m -p)^ p.{p) > ppiiR - p)-\ 

given a required cell edge rate R^^ and a corresponding outage 
probability e, where x,y G {P,M}. It can be shown that 
the required power received at y, is Py^^t = 

Finally, in Sec. we will also evaluate the constant power 
case, where Pb = Pb{p = 0) and Pm = Pm{p = 0). 

We consider two inter-cell interference models when as¬ 
sessing the performance of CoMPflex and the baseline. In the 



























3 


first model, for both CoMPflex and the baseline, nodes in the 
interfering cells follow the same deployment pattern as the 
center cell, with one FD-BS or two HD-BSs placed at distance 
p from the center of the cell. The setup is shown in Fig.[^, and 
the expression of the interference is shown in the Appendix. 

The second model is the worst-case interference, see Fig.|^, 
where the transmitting BSs and MSs are indicated by dashed 
arrows. In each cell, the interfering BSs and MSs are placed 
as close to the center cell as possible, since we want the 
interference is maximized at center cell. For the cell to the 
left, the worst-case position of the interfering BS is at p = 0 
(the center of its cell) and the MS at the cell edge. For the 
cell to the right, the worst-case position of the interfering BS 
is when p — R/2 (maximal) and the MS is at the cell center. 
These worst-case scenarios are not formally proved due to lack 
of space. 


III. Analysis 

In this section we show that a nonzero p will benefit the 
performance in terms of sum-rate and energy efficiency. 

The sum-rate Rsum{p) is given by 

Rsumip) = logs (1 + 7(7 (p)) + log 2 (1 + Jd{p)) 

= loga (1 + 7(7 (p) + 7d(p) + 7(7 (p) • 7d(p)) • 


which is positive since —1 -|- (1 -I- i? — p)(l + v — p) ^ > 0. 
The derivative p) equals 

-{l + R- p)°‘I{u, v,p) + {l + R- p)°‘—I{u, V, p) 

- a(l -I- i? - pY~^I{u,v,p) -I- (1 + i? - p)“^/(u,u,p). 

It can be shown that p) < 0. Using the fact that 

S{v, p) > 0, -§pS{v, p) > 0 and /(u, v, p)+zms > 0^ we can 
conclude that ^7u(p) > 0,Vp G [0,t;] □ 

Corollary 1. In stationary conditions, Vp G [0, min{u, t;}], 


7(7(0) • 7r,(0) < 7c/(p) • 7 d(p)- 


From Prop. and Cor. [T] we can conclude that the sum-rate 
Rsum{p), increases for p G [0, min{u, t;}]. 

The energy efficiency EE is defined as the amount of bits 
transmitted per unit of energy Q. It is given by 


EE{p) 


Rsum ip) 

Pb{p) + Pm{p) 


(3) 


CoMPflex improves the EE, both due to increased sum-rate 
and lower transmission power as functions of p. 


Eor analytical tractability we consider stationary conditions; 
(i) the channel gains of all links are unitary, i.e. = 1; (ii) 
the inter-cell interference comes from the nearest cell tier; (iii) 
the interfering MSs are at their average positions; and (iv) we 
fix the MSs in the center cell at the positions u and v. 


Proposition 1. In stationary conditions the following two 
statements hold: 

• Vp G [0, u] in the DL, we have 7 d(u, v, 0) < 7 d(u, v, p); 

• Vp G [0, u] in the UL, we have yi/(u,0) < 'yi/(u,p). 


Proof. We only sketch the proof of the first statement; the 
second one is similar. The proof is done by analyzing the 
derivative of the DL SINK, which is denoted yu{u,v,p) = 
i{u^v'p)+ZM ’ respect to p. Here the DL signal is S{v,p) 
and the DL interference is I{u,v,p). Then from the rule of 
differentiating a quotient, we only look at the numerator of this 
derivative, since the denominator is squared. The DL signal is 
S{v, p) = Pb{p)({R — p) and the DL interference is 


I{u, v,p) = {l + R- pT ■ [PM'^mR + p-v) 
+ PmH(2R + p-v) + P"bH{ 1 + m/2 - v) 
E P^Hil + m/2 -b u) -b PbH{u + 1 
= (l-bi?-p)“ ■I{u,V,p). 


The numerator of -§^y{p) equals 
d d 

— S{v,p){I{u,v,p) + zm) - ■^{I{u,v,p) + zm)S{v,p). 
Eor p G [0,u], the derivative os S{v,p) is 

p) = Pira[l + R- pr-\l + u - p)-“ 

• (—1-b (1 + i? — p)(l + U — p) ^) , 


IV. Performance Results 

We evaluate the sum-rate and EE of CoMPflex via numerical 
simulations. The main simulation settings are listed in Tab. 
The positions of the MSs are random and uniform over their 
half-cell, all links have fading and we include N interfering 
cell tiers both to the left and right. 

Table I: Simulation parameters. 


Parameter 

Description 

Simulation Setting 

R 

Cell radius 

100 m 


Noise power at MS and BS 

-174 dBm 

a 

Path loss exponent 

3,4, 

5 

N 

Number of interfering cells 

10 


^Uq 

Required UL rate 

0.03 bps [9 

Ch.ll] 

Rdq 

Required DL rate 

0.06 bps [9 

Ch.ll] 

£ 

Cell edge outage probability 

O.T 



The sum-rate performance results are shown in Pig. We 
compare the proposed CoMPflex scheme with the baseline, 
using both deployments depicted in Pigs|^ and|^, the latter 
denoted as the worst-case interference. Since the baseline 
serves unidirectional traffic over the entire transmission phase, 
we need two such phases to serve two-way traffic to the MSs. 
Therefore, the sum-rate is where Ru is the total 

UL rate and Rjj is the total DL rate. We also depict the 
results for p = 0 (no splitting) for CoMPflex (ordinary ED) 
and the baseline. The performance of CoMPflex is almost 
always better than the baseline. Also, in both interference 
deployments, there is a benefit in increasing p. This confirms 
the conclusions from Sec. |ml but now with more realistic 
conditions. We also see that the difference between the sum- 
rate when using constant power versus power adjustment is 
negligible, such that power adjustment is chiefly beneficial for 
higher EE. It is also interesting that there is a gain in sum-rate 
both from splitting the BSs, as well as using the CoMPflex 
scheme instead of the baseline, even in the worst case. 
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Figure 3; Sum-rate comparison of CoMPflex and baseline, 
comparing worst-case with simulation, where a = 4. 


To evaluate the EE gains of CoMPflex, we normalize the 
achieved EE at a certain p with the EE when p = 0 (Eig[^). 
The normalized EE is: 


v(p) 


EE{p) 
EE{p = Qy 


(4) 


We also look at the total transmission power Psum{p) = 
Pb {p) + Pm{p), and study how it depends on p. These curves, 
along with the normalized EE, are shown in Eig. where we 
see that the total transmission power decreases as p increases. 
This is to be expected since the distance between a MS and 
its serving BS is decreased, requiring less power is used to 
maintain the same performance. The combination of a lower 
required transmission power with a higher sum-rate results in 
the observed dramatic increase in EE, especially when p tends 
to i?/2. This increase is further accentuated in propagation 
environments with higher a values. 


V. Conclusion 

We have shown that the proposed CoMPflex scheme allows 
emulation of in-band ED operation by spatially dislocating the 
UL and DL traffic into two HD-BSs. Our results show that this 
splitting leads to a substantial increase in sum-rate as well as 
an EE increase ranging from 15x to 45x for high BSs splitting 
distance and increasing path-loss exponents. This initial study 
uses a simple model, but the gains and the insights obtained 
warrant further analysis that relies on more complex models, 
such as the ones based on stochastic geometry. 


Appendix 

Using Eig. the distances between the MS in the nth cell 
and the receiving BS are 

^MB,L ~ 2ni? '^n,L p, ^MB,R ~ -\~ Un^B. Pi 

for the left (L) and right (R) cell respectively. Un^L 
describe the same distances as u and v in the left and right 
interfering cells. The BS-MS, BS-BS and MS-MS distances 
are, respectively, 

d^BM,L = + P - P, d^BM,R = - PPV, 

d^BB,L = + 2p, d^Bl.R = ‘^nR - 2p, 

^MM^L ~ Uji i^ U, — ‘2nR Un,R 4“ '^1 



Eigure 4: Power usage and EE of CoMPflex. 


where the random variables u, v, Un.L and Un,R are indepen¬ 
dent. In the worst-case scenario (Pig.|^), the MS-BS, BS-MS, 
BS-BS and MS-MS distances are, respectively, 

= 2nR — p, 


= 2nR — R/2 — p, 


d‘'f>sf = 2nR-R + p, 

i{ri) ,'wc 
^MB,R ~ 

d^BAlf = 2«-R - V, 

i{n),wc 
^BM,R — 

df^J = 2nR + p, 

i{n),wc 
^BB,R — 

d!^f>yyi = 2nR-R-v, 

i{n),wc 
^MM,R ~ 


V. 


Letting y e {MB,BM,BB,MM}, and p S {L,R} 
the channel between a node in the nth cell and the receiver, 
the interference terms are then 




71 — 1 


lM 


iid] 


(") ') 
p,L> 


4") 


P,R 


iid] 


'p,R>-^R 


, (5) 
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